(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property 
Organization 

International Bureau 



I llllllll lllllllllllllllllllllllllllllllllllllllllllllllllll 



(43) International Publication Date 
11 August 2005 (11.08.2005) 



PCT 



(10) International Publication Number 

WO 2005/074184 A2 



(51) International Patent Classification 7 : 

(21) International Application Number: 

PC 

(22) International Filing Date: 28 January 2005 (28.01.2005) 

(25) Filing Language: English 

(26) Publication Language: English 



(30) Priority Data: 

60/540,119 28 January 2004 (28.01.2004) US 

60/590,112 21 July 2004 (21.07.2004) US 

60/590,538 23 July 2004 (23.07.2004) US 

11/022,147 22 December 2004 (22.12.2004) US 

■ (71) Applicant (for all designated States except US): QUAL- 
j COMM Incorporated [US/US]; 5775 Morehouse Drive, 

j San Diego, California 92121 (US). 



(72) Inventor; and 

(75) Inventor/Applicant (for US only): TEAGUE, Edward 
Harrison [US/US]; 4614 Bryson Terrace, San Diego, Cal- 
ifornia 92130 (US). 

(74) Agents: WADS WORTH, Philip R. et al.; 5775 More- 
house Drive, San Diego, California 92121 (US). 

(81) Designated States ( unless otherwise indicated, for every 
kind of national protection available): AE, AG, AL, AM, 
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN, 
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, El, 
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE, 
KG, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MA, MD, 
MG, MK, MN, MW, MX, MZ, NA, NI, NO, NZ, OM, PG, 
PH, PL, PT, RO, RU, SC. SD, SE, SG, SK, SL, SY, TJ, TM, 
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, YU, ZA, ZM, 
ZW. 




CHANNEL TO PROVIDE ACKNOWLEDGEMENT AND 



(57) Abstract: A method and apparatus are provided for provid- 
ing an acknowledgement (ACK) message combined with one or 
more communication message of a data packet that is transmitted 
using a single channel. The method comprising acts of associat- 
ing the ACK with a channel ID of a recipient; building the ACK 
information data pattern, wherein the length of the ACK message 
is based on number of ACK messages to be transmitted; and com- 
bining the ACK information data pattern with one or more com- 
munication message by applying an encoding scheme over the 
combined message. 



WO 2005/074184 A2 II III II II 11 III II III I II III 111 II III III II III II III llll 



(84) Designated States ( unless otherwise indicated, for every 
kind of regional protection available): ARIPO (BW, GH, 
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM, 
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), 
European (AT, BE, BG, CI I, CY, CZ, DE, DK, EE, ES, FI, 
FR, GB, GR, HU, IE, IS, IT, LT, LU, MC, NL, PL, PT, RO, 
SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, 
GQ, GW, ML, MR, NE, SN, TD, TG). 

Declarations under Rule 4.17: 

— as to applicant's entitlement to apply for and be granted 
a patent (Rule 4.17(H)) for the following designations AE, 
AG, AL, AM, AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, 
CA, CH, CN, CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, 
EG, ES, FI, GB, GO, GE, GH, GM, HR, HU, ID, IL, IN, IS, 
JP KE, KG, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MA, 
MD, MG, MK, MN, MW, MX, MZ, NA, NI, NO, NZ, OM, 
PG, PH, PL, PT, RO, RU, SC, SD, SE, SG, SK, SL, SM, SY, 
TJ, TM, TN, TR, TT, TZ, UA, UG, UZ, VC, VN, YU, ZA, 
ZM, ZW, ARIPO patent (BW, GH, GM, KE, LS, MW, MZ, 
NA, SD, SL, SZ, TZ, UG, ZM, ZW), Eurasian patent (AM, 



AZ, BY, KG, KZ, MD, RU, TJ, TM), European patent (AT, 
BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI, FR, GB, GR, 
HU, IE, IS, IT, LT, LU, MC, NL, PL, PT, RO, SE, SI, SK, 
TR), OAPI patent (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, 
GW, ML, MR, NE, SN, TD, TG) 





the applica 


nt's entitlement 


to claim the priority of the 




er applicati 


m(Rule4.17(h 


))for all designations 




the applica 


til's entitlement 


to claim the priority of the 




er applicati 


m (Rule 4.l7(u 


))for all designations 




the applica 


nt's entitlement 


to claim the priority of the 




er applicati 


m(Rule4.17(ii 


))for all designations 




the applica 


nt's entitlement 


to claim the priority of the 


earl 


er applicati 


m(Rule4.17(h 


)) for all designations 



Published: 

— without international search report and to be republished 
upon receipt of that report 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



WO 2005/074184 PCT/US2005/002545 
1 

A METHOD AND APPARATUS OF USING A SINGLE CHANNEL TO 
PROVIDE ACKNOWLEDGEMENT AND ASSIGNMENT MESSAGES 

CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] This application claims priority to U.S. Provisional Application Serial 

No. 60/540,119, entitled "Combination of Assignment and Acknowledgement 
Channels in a Communication System," filed January 28, 2004, and U.S. 
Provisional Application Serial No. 60/590,112, entitled "Erase Signature for 
Sticky Assignments," filed July 21, 2004, and U.S. Provisional Application 
Serial No. 60/590,538, entitled "Flexible OFDM Transmission Formats via 
SYNC Channel," filed July 23, 2004, all of which are assigned to the assignee 
hereof and hereby expressly incorporated by reference herein. 

REFERENCE TO CO-PENDING APPLICATIONS FOR PATENT 

[0002] This application is related to the following co-pending U.S. 

patent applications: U.S. Application Serial No. 10/340,507, filed January 10, 
2003 and U.S. Application Serial No. 10/726,944, filed December 3, 2003, both 
of which are assigned to the assignee hereof, and expressly incorporated herein 
by reference. 

BACKGROUND 

Field 

[0003] The present invention relates generally to communication and more 

specifically to techniques for combining acknowledgement (ACK) message with 
assignment message and transmitting both messages using a single channel. 

Background 

[0004] Wireless communication systems are widely deployed to provide various 

types of communication such as voice, data, and so on. These systems may be 
multiple-access systems capable of supporting communication with multiple 
users by sharing the available system resources (e.g., bandwidth and transmit 
power). Examples of such multiple-access systems include code division 
multiple access (CDMA) systems, time division multiple access (TDMA) 
systems, frequency division multiple access (FDMA) systems, and orthogonal 
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frequency division multiple access (OFDMA) systems. Typically, a wireless 
communication system comprises several base stations, wherein each base 
station (or access point) communicates with the mobile station using a forward 
link (FL) and each mobile station (or access terminal) communicates with base 
station using a reverse link (RL). 

[0005] Most of the communication system described above use a forward link 

and a reverse link in conjunction with a Hybrid Automatic Repeat Request (H- 
ARQ) scheme to communicate data and other information. H-ARQ techniques 
have been shown to provide significant improvement in capacity. With Hybrid 
ARQ, a packet is sent using multiple transmissions. The packet transmission 
could be terminated early if the receiver can decode the packet prior to receiving 
all the transmission. However, in order for early termination, the receiver (or 
recipient) must provide some acknowledgement that the data was received 
properly. Generally ACK or not ACK (NACK) messages are used to provide 
such acknowledgement to the transmitting entity (or sender). In a typical 
system, a separate ACK channel is established on forward and reverse link 
which is then used to provide the ACK/NACK messages to the sender. 
However, since ACK messages are very small (1-2 bits), it is extremely 
expensive to encode and CRC protect individual ACK messages to achieve the 
required reliability. This is especially true since the number of ACKs increase 
as the number of user using the reverse link increase. In order to keep up with 
the throughput, the system would need to adjust the resources. It is burdensome 
and at times inefficient to separately encode each ACK message and dedicate a 
channel for transmitting the ACK messages. 

[0006] Thus, there is a need for a system and method to provide 

acknowledgement to the sender efficiently to combine the ACK messages with 
other communication between transmitter and receiver without using a dedicated 
resource. 

BRIEF SUMMARY 

[0007] Accordingly, a method and apparatus are provided for providing an 

acknowledgement (ACK) message combined with one or more communication 
message of a data packet that is transmitted using a single channel. The method 
comprising acts of associating the ACK with a channel ID of a recipient; 
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building the ACK information data pattern, wherein the length of the ACK 
message is based on number of ACK messages to be transmitted; and combining 
the ACK information data pattern with one or more communication message by 
applying an encoding scheme over the combined message. 
[0008] A more complete appreciation of all the advantages and scope of the 

invention can be obtained from the accompanying drawings, the description and 
the appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] The features, nature, and advantages of the present invention will 

become more apparent from the detailed description set forth below when taken 
in conjunction with the drawings in which like reference characters identify 
correspondingly throughout and wherein: 

[0010] FIG. 1 shows a diagram of a wireless multiple-access communication 

system; 

[001 1] FIG. 2 shows a block diagram of an embodiment of an access point and 

two access terminals; 

[0012] FIG. 3 A and 3B illustrate a structure of physical frame and a structure of 

sub-segment, respectively; 
[0013] FIG. 4 illustrates a channel tree according to an embodiment; 

[0014] FIG. 5 illustrates a process for combining assignment messages and 

ACK messages according to an embodiment; and 
[0015] FIG. 6 shows a process for processing a message having a combined 

ACK message. 

DETAILED DESCRIPTION 

[0016] The word "exemplary" is used herein to mean "serving as an example, 

instance, or illustration." Any embodiment or design described herein as 
"exemplary" is not necessarily to be construed as preferred or advantageous over 
other embodiments or designs. The word "listening" is used herein to mean that 
an electronic device is receiving and processing data received on a given 
channel. 

[0017] FIG. 1 shows a diagram of a wireless multiple-access communication 

system 100 that employs multi-carrier modulation. System 100 includes a 
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number of access points, for ex ample 110a and 110b that communicate with a 
number of access terminal 120a - 120g. For simplicity, only two access points 
110a and 110b and only seven access terminals 120a-120g are shown in FIG. 1. 
For purpose of discussion, when referring to a single access terminal (AT) 120x 
is used and when referring to a single access point (AP) 11 Ox will be used 
(access terminal 120x and access point 1 lOx are described in FIG 2, infra). 

[0018] An access point 1 lOx, is an electronic device configured to communicate 

with one or more user access terminals and may also be referred to as a base 
station, base terminal, fixed terminal, a fixed station, base station controller, a 
controller, transmitter or some other terminology. The access point, base 
terminal, and base station are interchangeably used in the description below. 
The access point may be a general purpose computer, a standard laptop, a fixed 
terminal, an electronic device configured to transmit, receive and process data 
according to air interface methods defined by an OFDMA, CDMA, GSM, 
WCDMA, etc. system, or an electronic module comprising one or more 
computer chips controlled by a controller or a processor for transmitting, 
receiving and processing data according to air interface methods defined by an 
OFDMA, CDMA, GSM, WCDMA, etc. 

[0019] An access terminal 120x, is an electronic device configured to 

communicate with the access point via a communication link. The access 
terminal may also be referred to as a terminal, a user terminal, a remote station, a 
mobile station, a wireless communication device, recipient terminal, or some 
other terminology. The access terminal, mobile terminal, user terminal, terminal 
are interchangeably used in the description below. Each access terminal 120x 
may communicate with one or multiple access points on the downlink and/or 
uplink at any given moment. The downlink (i.e., forward link) refers to 
transmission from the access point to the access terminal 120x, and the uplink 
(i.e., reverse link) refers to transmission from the access terminal 120x to the 
access point. The access terminal 120x may be any standard laptop, personal 
electronic organizer or assistant, a mobile phone, cellular phone, an electronic 
device configured to transmit, receive and process data according to air interface 
methods defined by an OFDMA, CDMA, GSM, WCDMA, etc. system, or an 
electronic module comprising one or more computer chips controlled by a 
controller or a processor for transmitting, receiving and processing data 
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according to air interface methods defined by an OFDMA, CDMA, GSM, 
WCDMA, etc. system. 

[0020] A system controller 130 couples to the access points and may further 

couple to other systems/networks (e.g., a packet data network). System 
controller 130 provides coordination and control for the access points coupled to 
it. Via the access points, system controller 130 further controls the routing of 
data among the access terminals, and between the access terminals and other 
users coupled to the other systems/networks. 

[0021] The techniques described herein for optimizing portions of a frame may 

be implemented in various wireless multiple-access multi-carrier communication 
systems. For example, system 100 may be an OFDMA, CDMA, GSM, 
WCDMA, etc. system that utilizes data transmission. 

[0022] FIG. 2 shows a block diagram of an embodiment of an access point 1 lOx 

and two access terminals 120x and 120y (or user terminals) in multiple-access 
multi-carrier communication system 100. At access point 11 Ox, a transmit (TX) 
data processor 214 receives traffic data (i.e., information bits) from a data source 
212 and signaling and other information from a access point 11 Ox, and a 
schedule from a scheduler 230. For example, access point HOx may provide 
power control (PC) commands that are used to adjust the transmit power of the 
active access terminals, and scheduler 230 may provide assignments of carriers 
for the access terminals. These various types of data may be sent on different 
transport channels. The access point 11 Ox may be configured to execute the 
process 500, for combining an ACK message with other communication 
messages, discussed below. TX data processor 214 encodes and modulates the 
received data using multi-carrier modulation (e.g., OFDM) to provide modulated 
data (e.g., OFDM symbols). A transmitter unit (TMTR) 216 then processes the 
modulated data to generate a downlink modulated signal that is then transmitted 
from an antenna 218. 

[0023] At each of access terminals 120x and 120y, the transmitted signal is 

received by an antenna 252 and provided to a receiver unit (RCVR) 254. 
Receiver unit 254 processes and digitizes the received signal to provide samples. 
A received (RX) data processor 256 then demodulates and decodes the samples 
to provide decoded data, which may include recovered traffic data, messages, 
signaling, and so on. The traffic data may be provided to a data sink 258, and 
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the carrier assignment and PC commands sent for the access terminal 120x are 
provided to a controller 260. 

[0024] Controller 260 executes process 600, discussed below, to process a 

message having combined ACK and other communication information received 
on single channel and extract ACK information from the received message to 
determine if an ACK of itself was received. 

[0025] The controller 260 also, directs data transmission on the uplink using the 

specific carriers that have been assigned to the access terminal 120x and 
indicated in the received carrier assignment. Controller 260 further adjusts the 
transmit power used for the uplink transmissions based on the received PC 
commands. 

[0026] For each active access terminal 120x, a TX data processor 274 receives 

traffic data from a data source 272 and signaling and other information from 
controller 260. For example, controller 260 may provide information indicative 
of the required transmit power, the maximum transmit power, or the difference 
between the maximum and required transmit powers for the access terminal 
120x. The various types of data are coded and modulated by TX data processor 
274 using the assigned carriers and further processed by a transmitter unit 276 to 
generate an uplink modulated signal that is then transmitted from antenna 252. 

[0027] At access point 11 Ox, the transmitted and modulated signals from the 

access terminals are received by antenna 218, processed by a receiver unit 232, 
and demodulated and decoded by an RX data processor 234. Receiver unit 232 
may estimate the received signal quality (e.g., the received signal-to-noise ratio 
(SNR)) for each access terminal 120x and provide this information to access 
point 11 Ox. Access point 11 Ox may then derive the PC commands for each 
access terminal 120x such that the received signal quality for the access terminal 
120x is maintained within an acceptable range. RX data processor 234 provides 
the recovered feedback information (e.g., the required transmit power) for each 
access terminal 120x to controller 220 and scheduler 230. 

[0028] Scheduler 230 uses the feedback information to perform a number of 

functions, such as: (1) selecting a set of access terminals for data transmission 
on the reverse link and (2) assigning carriers to the selected access terminals. 
The carrier assignments for the scheduled access terminals are then transmitted 
on the forward link to these access terminals. 
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[0029] The techniques described herein for eliminating the use of a dedicated 

channel for providing acknowledgements (ACKs), for successful reception of a 
packet, on the forward link by combining the an ACK message with another 
message transmitted on a shared channel may implemented in various wireless 
multiple-access multi-carrier communication systems. For example, system 100 
may be an OFDMA, CDMA, GSM, WCDMA, etc. system that utilizes data 
transmission. For clarity, techniques are described herein for an OFDMA 
system that utilizes orthogonal frequency division multiplexing (OFDM). 

[0030] In an exemplary OFDMA communication system, the forward link 

superframe comprises a superframe preamble portion followed by 6 PHYFrames 
portion. The superframe preamble portion comprises a plurality of channels, an 
Acquisition Channel (ACQCH), a Primary Broadcast Channel (pBCH) (also 
referred to an SYNC channel), a Quick Paging Channel (QPCH) and an Other 
Sector Interference Channel (OSICH). Each PHYFrame portion comprises a 
plurality of physical channels, a pilot one or more pilot channel (for example a 
Common Pilot Channel (CPICH) and, if present, an Auxiliary Pilot Channel 
(AuxPICH)), a Shared Signaling Channel (SSCH) for transmitting information 
that is processed by all access terminals receiving this channel, a Data Channel 
(DCH), a Secondary Broadcast Channel (sBCH), a Shared Data Channel 
(SDCH) and a Power Control Channel (PCCH). 

[0031] In an embodiment, access point 11 Ox uses a single channel on the 

forward link, for example the F-SSCH, to provide both the acknowledgement 
message and one or more assignment message. The F-SSCH channel is 
processed by all access terminals in communicating with the access point 11 Ox. 
The access terminals sample or evaluate one or more portion of a received data 
on F-SSCH to and process only the data that is intended for it. 

[0032] FIG. 3A and 3B illustrate a structure of physical frame 300 and a 

structure of sub-segment 301, respectively. At the beginning of each physical 
frame, one or more OFDM symbols (Nssch) are allocated for the F-SSCH 
channel. N SS ch is determined by the controller based on system requirement. 
The F-SSCH consists of multiple sub-segments 302i through 302N, as illustrated 
in FIG. 3B. Each sub-segment 302i-N comprises one encoded data packet 330*. 
In an embodiment, each packet 330 comprises a plurality of message portions 
comprising of a length information portion 340, ACK message portion 342, 
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traffic to pilot transmit power ratio (T2P) message portion 344, a communication 
messages portion 346 and CRC portion 348. 

[0033] A T2P message portion 344 is a 6 bit field (T2P) that specifies the offset 

of the transmit power density of non-constant modulus modulation formats 
relative to the power density of a portion of ACQCH transmissions in the same 
sector. The offset is converted to a dB value as follows: offset = (T2P-31)*0.2 
dB, where T2P is interpreted as unsigned integer. 

[0034] The communication message portion 346 comprises a plurality of 

communication messages of varying length. Each message of the 
communication message portion 346 comprises a 3-bit message header, a 
channel id portion, MACID portion and one more packet format portions. 

[0035] The communication message portion 346 may also comprise an access 

grant message that is sent in response to a detected access sequence transmission 
that allocates a MACE) to the access terminal 120x and an initial ChID for use 
by the access terminal 120x. In addition, the access sequence ID that was 
transmitted to the access point 11 Ox is provided to allow the access terminal 
120x to discard access grant messages that do not contain the sequence that was 
transmitted by the message. Also, a TimingAdjust field is provided to inform 
the access terminal 120x of the timing offset to use for subsequent RL 
transmissions. The access terminal 120x shall advance its transmission timing 
by the amount: offset = (TimingAdjust-31)*8 chips, where TimingAdjust is 
interpreted as an unsigned integer. 

[0036] The communication message portion 346 may also comprise Forward 

Link Assignment Message (FLAM). This message informs the access terminal 
120x that holds a specific MACID that a FL ChID has been assigned to the 
access terminal 120x, and informs that access terminal 120x of the PF that 
should be used on this channel. The AN sets the Supplemental field in the 
message to T if the assignment should be added to the existing access terminal 
120x assignment on the interlace, and to '0' if the assignment should replace any 
existing assignment on the interlace. 

[0037] The communication message portion 346 may also comprise Reverse 

Link Assignment Message RLAM. This message informs the access terminal 
120x that holds a specific MACID that a RL ChID has been assigned to the 
access terminal 120x, and informs that access terminal 120x of the PF that 
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should be used on this channel. The access point 11 Ox sets the Supplemental 
field in the message to '1' if the assignment should be added to the existing 
access terminal 120x assignment on the interlace, and to '0' if the assignment 
should replace any existing assignment on the interlace. 
[0038] The communication message portion 346 may also comprise Multiple 

Code Word MMO Forward Link Assignment Message MCWFLAM. This 
message informs the access terminal 120x that holds a specific MACTD that a 
FL ChID has been assigned to the access terminal 120x, and informs that access 
terminal 120x of the PFs that should be used on up to Nflchid MMO layers of 
the channel. The access point 11 Ox sets the Supplemental field in the message 
to '1' if the assignment should be added to the existing access terminal 120x 
assignment on the interlace, and to '0' if the assignment should replace any 
existing assignment. 

[0039] The communication message portion 346 may also comprise Single 

Code Word MMO Forward Link Assignment Message SCWFLAM. This 
message informs the access terminal 120x that holds a specific MACK) that a 
FL ChID has been assigned to the access terminal 120x, and informs that access 
terminal 120x of the PF and the number of MMO layers that shall be 
transmitted using the assignment. The AN sets the Supplemental field in the 
message to T if the assignment should be added to the existing access terminal 
120x assignment on the interlace, and to '0' if the assignment should replace any 
existing assignment. 

[0040] The communication message portion 346 may also comprise a message 

that indicates that a RL packet decode failed CRC check at the AN (Explicit 
NACK). This is an alternate to ACK Message, discussed below, for transmitting 
acknowledgement information to an access terminal 120x. The MACID field in 
the message specifies the access terminal 120x targeted by the message. The 
timing relationship between Explicit NACK transmission and the associated 
frame last demodulated prior to CRC check is that same as that for ACK 
information contained in the ACK Message. 

[0041] The CRC portion 348 comprises CRC of all of the bits in the sub- 

segment packet (other than CRC). The access point HOx sets this field and the 
number of CRC bits in a packet 330 shall be equal to 8 if the number of 
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information bits in the sub-segment is less than or equal to 60 bits. Otherwise, 
the CRC shall be 12 bits. 
[0042] The ACK message portion 342 comprises an ACK message having a 

first portion 360 for an ACK indicator and a second portion 362 for an ACK 
information data pattern. The ACK indicator portion provides an indication as 
to whether there is an ACK message to process. Generally, the ACK indicator is 
a one-bit message. The ACK information data pattern is made up of several 
information bits. The number of information bits may depend on the number of 
users requiring an ACK for transmitted packet on RL. Thus, the length of the 
ACK message may be 0-n bits, wherein n is a threshold set by the system 
operator and varies based on number of ACKs to provide during a given frame. 
The ACK information data pattern may be generated using a first scheme 
wherein the information bits represent a series of bit packets, each bit packet 
identifying a access terminal 120x receiving an ACK. The ACK information 
data pattern may be generated using an alternate scheme, wherein the ACK 
information data pattern may be generated using an ACK compressing scheme 
discussed below. 

[0043] FIG. 4 illustrates a channel tree 400 used in an ACK compression 

scheme according to an embodiment. The channel tree 400 is used to specify 
channel identification number (ChID) and sets of hop-ports 420 that are 
associated with each ChTD. A set of hop-ports is said to be "mapped to a node" 
and a node "maps" a set of hop-ports. Hop-port is a fundamental unit of channel 
assignment. Each hop-port maps to one unique subcarrier. The mapping of 
hop-ports to subcarriers varies with time. A node corresponds to a single ChID. 
Children, Descendants are nodes that map a subset of the hop-ports mapped by a 
node. Parents, Ancestors are nodes that map a superset of the hop-ports mapped 
by a node. Base-nodes are nodes with no children. Base-nodes are assigned 
specific resources for example, hop-ports. 

[0044] For exemplary purposes, 7 nodes 402, 404, 406, 408, 410, 412, and 414 

are grouped by node level from 0 to Nnode_levels-1, wherein each level 
comprises at least one node. Within a node-level, the nodes are sorted in 
ascending order by ChID. This creates an ordered list of ChlDs. Here, three 
node levels are used, first node level 422 having nodes 402, 404, 406, and 408 
corresponding to ChID 0-3, second node level 424 having nodes 410 and 412 
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corresponding to CMD 4-5, and third node level 426 having node 414 
corresponding to ChID 6. It should be noted that a node may have a plurality of 
children nodes and hop assignments 420 may vary, such that a node may map to 
a single hop port (for example, node 408). Also, ChlD's may be associated with 
in a ascending format, wherein the highest node represents ChID 0 and ChID 
increase from left to right or right to left for each level. In order to implement 
the embodiment using the channel tree structure, how each node is associated 
may be dependent to operator of the system as long as transmitter and receiver 
of the ACK information data pattern is aware of the scheme used when the ACK 
information data pattern was generated. Thus, various schemes may be 
employed stemming from using a channel tree structure. 

[0045] According to an example, a channel tree has 7 nodes, numbered from 0 

to 6 and an 18 hop ports numbered 0-17. The base-nodes are ChLDs 1- 3. 
Consider the node associated with ChID 5. This node has parent ChID 6 and 
children ChlDs 2 and 3. The node maps 5 hop-ports, namely hop-ports 13-17. 
The number of node levels is determined by the access point 11 Ox and 
communicated to each access terminal 120x in communication with the access 
point 1 lOx. According to the example, three levels are used. For example, a first 
mobile access terminall20b is assigned a ChID 1, is considered to be mapped to 
node 404, hop ports 4-12, and node 410 as the highest node. A second mobile 
access terminal 102d is assigned a ChID 3, is considered to be mapped to node 
408, hop ports 17, and node 412 as the highest node. Because nodes define 
orthogonal channel assignments, the use of a node in the tree can restrict use of 
other nodes. Thus, if a node is in use, then all descendants and ancestors of the 
node are unavailable for use and are called "restricted" nodes. Therefore, node 
414, in the example may not be assigned to any other terminal but terminal 
having a ChID 6, according this example. 

[0046] In an embodiment, a one-to-one ascending scheme is used to associate 

each bit to an access terminal. Each bit, having a value of 0 or 1 representing an 
NACK or ACK, respectively. Each bit is part of the ACK information data 
pattern received by the each access terminals communicating with the access 
point.. The access point 1 lOx builds the ACK information data pattern based on 
packets received from one or more terminal, each having an assigned channel 
ID. Various methods may be employed to generate the ACK information data 
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pattern, which identifies the targeted terminal for which the ACK is intended. 
Here, the ACK message would have 7 bits, each mapped to a ChED 0-6, 
incremental from left to right. Thus, if access point 11 Ox is sending an ACK for 
RL traffic to first terminal 102b (also referred to as ACK requesting entity) 
having ChED 1 and to the second terminal lOd having ChTD 3, access point 1 lOx 
would generate a ACK information data pattern "0101000" for the ACK 
message. 

[0047] Acknowledgements for RL traffic sent in RL physical frame i, are 

encoded in the encoded data packet 330 and sent in the SSCH in the FL- 
physical frame i+2. For each SSCH sub-segment 302 that passes CRC the 
terminal checks the ACK indicator 360, generally a one-bit field. If the ACK 
indicator 360 is set (for example set to 1) then each terminal processes the ACK 
information data pattern 362. 

[0048] All access terminals receiving the ACK message evaluates the ACK 

information data pattern provided in ACK Message and determines if it's ChID 
or other identifier is represented in the ACK information data pattern. For 
example, access terminal 102b having ChTD of 1, after decoding the message 
and extracting the ACK message {0101000}, access terminal 102b will evaluate 
the second bit from left. If bit value is 1, then terminal assumes an explicit ACK 
was received and continues normal processing. Otherwise, the terminal may 
assume that an implicit NACK was provided an either retransmits the data or 
indicates an error or loss of resource. 

[0049] FIG. 5 illustrates a process 500, for combining assignment messages and 

ACK messages according to an embodiment. The AP 11 Ox is configured to 
execute steps of the process 500 by utilizing at least one of various components 
described in FIG. 2 for example, the controller 220, the scheduler 230, the 
memory 222, the TX data processor 214, RX data processor 234, etc. At step 
502, determine if a packet was received by RX data processor 234 from an 
access terminal 120x in communication with access point 11 Ox and determine if 
the received packet was decoded successfully. If so, then at step 504, update a 
database stored in memory 222 that stores information regarding each terminal 
transmitting data to the access point 11 Ox. The access point 11 Ox may employ 
various techniques, for example the first scheme (for example, the one-to-one 
ascending scheme) discussed above, in collecting and managing the ACKs. At 
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step 506, the access point 11 Ox builds the ACK message portion 342 of the sub 
segment packet 330. If at least one ACK is required to be transmitted then set 
the bit for ACK indicator to 1. At step 506, start building the ACK information 
data packet or adjust the existing ACK information data pattern to add the 
information about the access terminal which sent packet at step 502. 

[0050] Generally, in a communication system, such as OFDMA, the access 

terminals use the reserve link to request an assignment of resources. If requested 
resources are granted, then the resource assignments are transmitted on the 
forward link. In addition, one or more shared channels are used to communicate 
data to the access terminals on the forward link. In order to receive information 
on the shared channel, access terminal requires assignment information to 
receive data on the shared channels. All the access terminals in communication 
with the access point 11 Ox, will process the information received on these shared 
channel. In a multicast/broadcast system, these channels are used to provide data 
that is intended for all the access terminals, for example new data or 
advertisements. The use of shared channel provides a low overhead and saves 
valuable bandwidth that is available to the system. 

[0051] In an embodiment, the processing of the assignment request may occur 

concurrently with setting up the ACK message. Referring back to the process 
500, at step 508, receive an assignment request from one or more access 
terminals at the TX data processor 214 and process the assignment request. At 
step 510, the access point 11 Ox adjusts the channel assignment. The access point 
11 Ox determines the assignment of resources using the scheduler 230. At step 
512, incorporate the channel assignment into the communication message 
portion 346. In an embodiment, the access point 11 Ox uses information 
regarding the ACK message, generated at step 506, to determine if any channel 
assignment needs adjusting. If the size of the ACK information data pattern 362 
is longer than a preset threshold, the access point 11 Ox may use sticky 
assignment in order to maintain efficiency of the system. At step 514, combine 
the ACK message built in step 506 and the communication message having the 
new assignment, built in step 512 to generate the encoded data packet 330. As 
discussed above the encoded data packet 330 comprises the ACK message, a 
communication portion 346 having one or more assignment portions and a CRC 
portion used for encoding. At step 516, encode the entire encoded data pattern 
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330 that includes the ACKs, is encoded using a CRC. At step 518, the encoded 
data pattern 330 is transmitted on a forward link for example, F-SSCH discussed 
above. 

[0052] FIG. 6 shows a process 600 is executed by each terminal, for example 

120x, in communication system with the access point HOx. The controller 260 
is configured to execute steps of the process 600 by utilizing various 
components of access terminal 120x, for example, the scheduler 260, the 
memory 262, the TX data processor 274, RX data processor 256, etc. At step 
602, receive the encoded data packet 330 from the access point 11 Ox. At step 
604, the controller 260 decodes the received data packet 330 and determines if a 
correct packet was received. At step 606, extract the ACK message portion 342 
from the successfully decoded data packet 330. This may be performed by 
assigning a portion of received data packet 330 as ACK message portion. 
Thereafter, the controller 260 determines if the value of the bit represented in the 
first portion 360 is 1. If so, the controller 260 concludes that ACK information is 
available in second portion 362 of the encoded data packet 330 and executes 
step 608. At step 608, the require information is extracted from the second 
portion 342 to form an ACK information data pattern. As discussed above, the 
number of bits making up the ACK information data pattern varies based on 
number of ACKs provided in an encoded data packet and method used by the 
access point HOx to generate the message. At step 610, controller 260 
determines if the ACK information data pattern provides an indication of an 
expected ACK. According to the example discussed above, the ACK 
information data pattern would be {0101000}. For example, the access terminal 
11 Ox having a ChID 1, would evaluate ACK information data pattern 362 and 
determine that this ACK information data pattern contains a ACK targeted for 
itself. At step 610, the ACK information data pattern is evaluated to determine if 
an ACK is provided for the access terminal 1 lOx. 

[0053] All access terminals that are in communication with the access point has 

knowledge of the rules associated with the scheme used by the access point 1 lOx 
(e.g. rules used to build the ACK information data pattern for the first scheme). 
The rules may be stored in memory 262 and accessed by the controller 260 to 
determine if an ACK was received for itself. At step 612, if determined that an 
ACK was received, then at step 614, transmit the next data packet, if any are 
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required transmission on the RL. Otherwise, at step 616, the controller 260 
retransmits the data packet or if the maximum allowable retransmissions of data 
packets per HARQ scheme are exhausted, then the controller 260 generates an 
error message to indicate an error in transmission. 

[0054] The techniques described herein may be implemented by various means. 

For example, these techniques may be implemented in hardware, software, or a 
combination thereof. For a hardware implementation, the processing units (e.g., 
controllers 220 and 260, TX processors 214 and 274, RX processors 234 and 
256, and so on) for these techniques may be implemented within one or more 
application specific integrated circuits (ASICs), digital signal processors (DSPs), 
digital signal processing devices (DSPDs), programmable logic devices (PLDs), 
field programmable gate arrays (FPGAs), processors, controllers, micro- 
controllers, microprocessors, other electronic units designed to perform the 
functions described herein, or a combination thereof. 

[0055] For a software implementation, the techniques described herein may be 

implemented with modules (e.g., procedures, functions, and so on) that perform 
the functions described herein. The software codes may be stored in memory 
units (e.g., memory 222 in FIG. 2) and executed by processors (e.g., controllers 
220). The memory unit may be implemented within the processor or external to 
the processor, in which case it can be communicatively coupled to the processor 
via various means as is known in the art. 

[0056] Headings are included herein for reference and to aid in locating certain 

sections. These headings are not intended to limit the scope of the concepts 
described therein under, and these concepts may have applicability in other 
sections throughout the entire specification. 

[0057] The previous description of the disclosed embodiments is provided to 

enable any person skilled in the art to make or use the present invention. Various 
modifications to these embodiments will be readily apparent to those skilled in 
the art, and the generic principles defined herein may be applied to other 
embodiments without departing from the spirit or scope of the invention. Thus, 
the present invention is not intended to be limited to the embodiments shown 
herein but is to be accorded the widest scope consistent with the principles and 
novel features disclosed herein. 
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CLAIMS 

What is claimed is: 

1. A method of providing an acknowledgement (ACK) to one or 
more recipients using a single channel, the method comprising acts of: 
generating an ACK message having an ACK information data pattern; 
embedding said ACK information data pattern into a data packet having one or 
more messages; and 

transmitting said data packet. 

2. The method as claimed in claim 1, wherein said act of generating 
said ACK message comprises an act of generating an ACK indicator. 

3. The method as claimed in claim 2, wherein said act of generating 
said ACK message comprises an act of generating an ACK indicator which 
provides an indication whether said ACK message has any information in said 
ACK information data pattern. 

4. The method as claimed in claim 2, wherein said act of generating 
said ACK information data pattern comprises an act of using a length this is 
based on number ACKs to be transmitted. 

5. The method as claimed in claim 2, wherein said act of generating 
said ACK information data pattern comprises an act of associating the ACK with 
a channel ID of a first terminal. 

6. The method as claimed in claim 2, wherein said act of generating 
said ACK information data pattern comprises an act of selecting a scheme from 
a predetermined set of schemes to generate said ACK information data pattern. 

7. A method of providing an acknowledgement (ACK) message 
combined with one or more communication message of a data packet that is 
transmitted using a single channel, the method comprising acts of: 

associating the ACK with a channel ID of a recipient; 



WO 2005/074184 PCT/US2005/002545 
17 

building the ACK information data pattern, wherein the length of the 
ACK message is based on number of ACK messages to be transmitted; and 

combining the ACK information data pattern with one or more 
communication message by applying an encoding scheme over the combined 
message. 

8. A method of receiving an acknowledgement (ACK) embedded in 
a segment received on a shared channel of a communication system, the method 
comprising acts of: 

determining if a ACK information data pattern in is included in the 
segment; and 

extracting said ACK message from the segment if determined that said 
ACK information data pattern is included in the segment. 

9. The method as claimed in claim 8, further comprising act of 
evaluating said ACK message using an ACK information data pattern generating 
scheme. 

10. A method of handling an acknowledgement (ACK) message 
embedded in a segment received on a shared channel of a communication 
system, the method comprising acts of: 

evaluating a first portion of the ACK message to determine if a second 
portion of the ACK message should be processed; 

processing said second portion of said ACK message to evaluate a ACK 
information data pattern if determined that said second portion ACK message; 
and 

determining if an expected ACK is represented in said ACK information 
data pattern. 

11. The method as claimed in claim 8, further comprising act of 
evaluating said ACK message using a first scheme. 



12. An apparatus for providing an acknowledgement (ACK) to one or 
more recipients using a single channel, the method comprising: 
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means for generating an ACK message having an ACK information data 
pattern; 

means for embedding said ACK information data pattern into a data 
packet having one or more messages; and 

means for transmitting said data packet. 

13. The apparatus as claimed in claim 12, wherein said means for 
generating said ACK message comprises means for generating an ACK 
indicator. 

14. The apparatus as claimed in claim 13, wherein said means for 
generating said ACK message comprises means for generating an ACK indicator 
which provides an indication whether said ACK message has any information in 
said ACK information data pattern. 

15. The apparatus as claimed in claim 14, wherein said means for 
generating said ACK information data pattern comprises means for using a 
length this is based on number ACKs to be transmitted. 

16. The apparatus as claimed in claim 14, wherein said means for 
generating said ACK information data pattern comprises means for associating 
the ACK with a channel ID of a first terminal. 

17. The apparatus as claimed in claim 14, wherein said means for 
generating said ACK information data pattern comprises means for selecting a 
scheme from a predetermined set of schemes to generate said ACK information 
data pattern. 

18. An apparatus for providing an acknowledgement (ACK) message 
combined with one or more communication message of a data packet that is 
transmitted using a single channel, the method comprising: 

means for associating the ACK with a channel ID of a recipient; 
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means for building the ACK information data pattern, wherein the length 
of the ACK message is based on number of ACK messages to be transmitted; 
and 

means for combining the ACK information data pattern with one or more 
communication message by applying an encoding scheme over the combined 
message. 

19. An apparatus for receiving an acknowledgement (ACK) 
embedded in a segment received on a shared channel of a communication 
system, the method comprising: 

means for determining if a ACK information data pattern in is included 
in the segment; and 

means for extracting said ACK message from the segment if determined 
that said ACK information data pattern is included in the segment. 

20. The apparatus as claimed in claim 19, further comprising means 
for evaluating said ACK message using an ACK information data pattern 
generating scheme. 

21. An apparatus for handling an acknowledgement (ACK) message 
embedded in a segment received on a shared channel of a communication 
system, the method comprising: 

means for evaluating a first portion of the ACK message to determine if 
a second portion of the ACK message should be processed; 

means for processing said second portion of said ACK message to 
evaluate a ACK information data pattern if determined that said second portion 
ACK message; and 

means for determining if an expected ACK is represented in said ACK 
information data pattern. 



22. The apparatus as claimed in claim 19, further comprising means 
for evaluating said ACK message using a first scheme. 
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23. A machine-readable medium comprising instructions which, 
when executed by a machine, cause the machine to perform operations 
including: 

generating an acknowledgement (ACK) message having an ACK 
information data pattern; 

embedding said ACK information data pattern into a data packet having 
one or more messages; and 

transmitting said data packet of a single channel. 

24. The machine-readable medium as claimed in claim 23, wherein 
said machine-readable instruction to cause generating said ACK message 
comprise instructions to generate an ACK indicator which provides an indication 
whether said ACK message portion has any ACK in said ACK information data 
pattern. 

25. The machine-readable medium as claimed in claim 23, wherein 
said machine-readable instruction to cause generating said ACK information 
data pattern comprises using a length based on number ACK to be transmitted. 

26. The machine-readable medium as claimed in claim 23, wherein 
said machine-readable instruction to cause generating said ACK information 
data pattern comprises associating the ACK with a channel ID of the recipient. 

27. The machine-readable medium as claimed in claim 23, wherein 
said machine-readable instruction to cause generating said ACK information 
data pattern comprises instruction to select a scheme from a predetermined set of 
schemes to generate said ACK information data pattern. 

28. A machine-readable medium for providing an acknowledgement 
(ACK) message combined with one or more communication message of a data 
packet that is transmitted using a single channel, the method comprising: 

associating the ACK with a channel ID of a recipient; 
building the ACK information data pattern, wherein the length of the 
ACK message is based on number of ACK messages to be transmitted; and 
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combining the ACK information data pattern with one or more 
communication message by applying an encoding scheme over the combined 
message. 

29. A machine-readable medium for receiving an acknowledgement 
(ACK) embedded in a segment received on a shared channel of a 
communication system, the method comprising: 

determining if a ACK information data pattern in is included in the 
segment; and 

extracting said ACK message from the segment if determined that said 
ACK information data pattern is included in the segment. 

30. The machine-readable medium as claimed in claim 29, further 
comprising machine-readable instruction to cause evaluating said ACK message 
using an ACK information data pattern generating scheme. 

31. A machine-readable medium for handling an acknowledgement 
(ACK) message embedded in a segment received on a shared channel of a 
communication system, the method comprising: 

evaluating a first portion of the ACK message to determine if a second 
portion of the ACK message should be processed; 

processing said second portion of said ACK message to evaluate a ACK 
information data pattern if determined that said second portion ACK message; 
and 

determining if an expected ACK is represented in said ACK information 



32. The machine-readable medium as claimed in claim 29, further 
comprising machine-readable instruction to cause evaluating said ACK message 
using a first scheme. 



33 . In a wireless communication system, an apparatus comprising: 
an electronic device, said electronic device configured to generate an 
acknowledgement (ACK) message comprising an ACK information data pattern, 
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to embed said ACK information data pattern into a data packet having one or 
more messages, and to transmit said data packet using a single channel. 

34. The apparatus as claimed in claim 33, wherein said ACK 
message comprise an ACK indicator. 

35. The apparatus as claimed in claim 33, said electronic device 
further configured to select a scheme from a predetermined set of schemes. 

36. In a wireless communication system, an apparatus comprising: 

an electronic device, said electronic device configured to provide an 
acknowledgement (ACK) message combined with one or more communication 
message of a data packet that is transmitted using a single channel, to associate 
the ACK with a channel ID of a recipient, to build the ACK information data 
pattern, wherein the length of the ACK message is based on number of ACK 
messages to be transmitted, and to combine the ACK information data pattern 
with one or more communication message by applying an encoding scheme over 
the combined message. 

37. In a wireless communication system, an apparatus comprising: 

an electronic device, said electronic device configured to receive an 
acknowledgement (ACK) embedded in a segment received on a shared channel 
of a communication system, to determine if a ACK information data pattern in is 
included in the segment, to extract said ACK message from the segment if 
determined that said ACK information data pattern is included in the segment. 

38. The apparatus as claimed in claim 37, further configured to 
evaluate said ACK message using an ACK information data pattern generating 
scheme. 

39. In a wireless communication system, an apparatus comprising: 

an electronic device, said electronic device configured to handle an 
acknowledgement (ACK) message embedded in a segment received on a shared 
channel of a communication system, to evaluate a first portion of the ACK 
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message to determine if a second portion of the ACK message should he 
processed, process said second portion of said ACK message to evaluate a ACK 
infonnation data pattern if determined that said second portion ACK message, 
and to determine if an expected ACK is represented in said ACK information 
data pattern. 

40. The apparatus as claimed in claim 39, further configured to 
evaluate said ACK message using a first scheme. 

41 . A communication system, the system comprising: 

use of a first electronic device to generate an acknowledgement (ACK) 
message comprising an ACK information data pattern, to embed said ACK 
information data pattern into a data packet having one or more messages, and to 
transmit said data packet using a single channel. 

42. The communication system, as claimed in claim 41, further 
comprising use of an second electronic device configured to receive said ACK 
information data pattern embedded in said data packet. 
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